The basic function of all rotary tool clamps used is to clamp a tool firmly and with as small deviation of the tool axis from the axis of rotation of the machine tool spindle as possible throughout the service life of both the tool and the clamp. Another important function of a clamp is to bring the cutting lubricant to the cutting point. A lubricant pressure of 60 and more bars is currently used there. To ensure the proper operation and long service life of the machine spindle, it is necessary that, especially in the case of high-speed machines, the clamp with the tool clamped meets the specified condition of the overall unbalance.
During a milling operation, the chip thickness is variable; extremely different chip thicknesses are produced when slots are milled with a plain milling cutter. During this working operation the chip thickness varies from the zero value up to the maximum value determined by the feed, speed, and number of teeth of the milling cutter.
Working conditions enable to determine the chip thickness in the axis of the tool only. The chip thickness in the other positions of the tool is variable. [1] 
Figure 1 Different chip thicknesses during slot milling
operations [1] It follows from the foregoing that if the tool is not aligned with the axis of rotation of the spindle, there is a risk that a very small amount of material can be removed by the edge working on the outer surface of the cutter which is turned away.
An important value for setting the optimum working conditions for a milling cutter is the amount of the mean chip thickness hm. The mean chip thickness is an important value for milling operations with plain milling cutters, tools which are clamped in tool holders most often. The mean chip thickness, especially when shoulders are milled with the cutter side, is markedly different from the commonly used chip thickness calculated using only the tool speed, feed, and number of tooth of the cutter. [1] To calculate the mean chip thickness, this simple formula is used:
The meaning of each variable is shown in the following figure.
Figure 2 Meanings of the variables [1]
The result of the calculation is important for the determination of the minimum thickness value of the central chip, which is used for determining the required output of the machine tool spindle drive. For plane milling operations with a plain milling cutter, this value should be within the range of 0.04 to 0.1 mm. For other tools, this value is given in the relevant catalogues.
A low value of the chip thickness causes not only the low utilization of the tool potential, but also can, just when the tool is not aligned, result in the destruction of the edge. If the chip thickness is very small, the edge is pushed out of the cut by the material. The edge slides over the surface of the work piece and the material thus becomes hardened. At the same time,a large amount of heat is generated as the edge rubs against the material and subsequently the cutting edge back surface abrades. Moreover, the described process hardens the surface of the material being machined. The next edge, which is moved more into the cut due to the misalignment of the tool, is loaded to a greater extent when it removes the hardened material. Thus, the service life of the tool is substantially reduced. [1, 2] The surface being machined shows greater surface waviness, which is just because the number of the functional edges is reduced due to the misalignment of the tool. When he finds out that the surface quality is decreased, the machine operator then reduces the feed or increases the spindle speed as a rule. But this results in an additional reduction in the chip thickness at the edge on that surface of the tool which is turned away and thus in the acceleration of the undesirable abrasion of the cutting edge backs and in another reduction of the tool service life.
IMPORTANCE OF THE CLAMPING METHODS FOR THE CUTTING PROCESS DURING HSC MACHINING OPERATIONS
High-speed machining clamps in the area of machining operations with a rotary tool must primarily meet the desired speed requirement. Depending on the diameter of the tool used, the spindle speed must be within the range of 20,000 to 40,000 rpm to achieve the high-speed machining effect, i.e. the cutting force minimum. The range of clamps is then substantially reduced for these operating conditions. The same rules for the alignment of the tool also apply to the High Speed Cutting (HSC) technologies as in the case of traditional machining operations. It is equally true that as the feed and the cut depth increase, the amount of each component of the cutting force increases. And as the cut depth decreases to very low values, the cutting resistance increases markedly. Moreover, the influence of the imbalance caused by the misalignment of the tool is more markedly evident here. The resulting vibrations, the amplitude of which raises with the square of the speed, can very quickly destroy the spindle bearing of the machine tool. They can cause direct damage to the machine and often far greater damage due to the necessary shutdown of the machine.
For these reasons, clamps for tools used for HSC machining operations must meet substantially more demanding conditions than clamps used for traditional machining methods.
BASIC CHARACTERISTICS OF CLAMPING ROTARY TOOLS
Collet chucks clamp a tool being clamped along the circumference of the shank using the inserted collet, which is pressed into the conical cavity by the clamping nut. The clamping of the tool is relatively firm. Due to its manufacturing tolerances, the collet brings a certain clamping misalignment error. The transmitted torque depends on the torque to which the clamping nut was tightened. [1] Weldon clamps clamp the tool inserted into the clamp cavity using one or two clamping screws located in the radial direction. The clamping of the tool is reliable, but it is not possible to adjust the tool length which sticks out of the holder to a greater extent because this length is determined by the positions of the clamping areas created on the cylindrical surface of the tool clamping shank. The clamping screws increase the unbalance of the unit and push the tool towards the clamp cavity wall. Logically, they thus increase the misalignment of the tool with the axis of rotation of the spindle.
Figure 3 Collet chuck Figure 4 Weldon clamp
Hydraulic clamps clamp a tool using the pressure of the hydraulic fluid, which expands the inner thin double wall of the clamp towards the tool. The clamping of the tool is determined by the fluid pressure, which is generated by the small piston at the end of the clamping screw. If the fluid pressure decreases, the tool is unclamped. Clamps ensure the good alignment of the tool with the axis of rotation. A clamp shows a certain flexibility in the radial direction which is brought by the thin internal clamping wall. [1, 3] A collet clamp clamps tools inserted by the jaws which are moved in the axial direction in the conical cavity. It is used mainly for clamping drilling tools. The transmitted torque also depends on the amount of the clamping torque. A clamp is prone to faults caused by small dirt.
The basic characteristics of the mentioned clamping methods include the fact that the clamping force itself is caused by a mechanism or third component. The manufacture of the tool holder thus becomes more complicated. In many cases it is difficult to achieve the required values of the alignment of the clamped tool with the axis of rotation of the spindle and especially to achieve the smooth running of the tool at high speeds of the machine tool spindle without additional balance.
Figure 5 Hydraulic clamp Figure 6 Thermal clamp
A thermal clamp clamps the tool along the full cylindrical surface due to the dimensional overlap in relation to the clamped tool. Before clamping the tool, the clamp must be heated up to a temperature of approx. 350 °C. The tool is then inserted into the cavity of the heated clamp which is expanded due to thermal expansion. When the clamp is cooled down, the tool is firmly clamped. The clamping of the tool is reliable and is not dependent on the operator. Clamps are equipped with adjustable stop screws for adjusting the tool length which sticks out. To unclamp the tool, the clamp must be reheated. The alignment of the tool clamping is very good. Considering the fact that the clamp consists of only one compact body, also the unbalance is very small. Thus, the clamp can be used without limitations also for machines working at high spindle speeds.
IMPORTANCE OF THERMAL CLAMPS FOR MACHINING THREE-DIMENSIONAL AREAS
Shaped surfaces, which occur mainly on components of moulds for the plastics industry or on parts of tools for pressing sheet metal parts, are currently machined exclusively at three-and more-axis machining centres. To reduce the labour intensity of finishing operations, an important requirement is to achieve as smooth machined surface as possible. And this is achieved by as small spacing as possible for final finishing. These operations usually use ball cutters with a relatively small working diameter which are able to machine also deep shaped pockets on machined parts. This creates the requirement to have a slim clamp with as small outer diameter as possible. For these applications a thermal clamp is a good choice.
In many cases, machining large parts is limited by their own large weight, which prevents from using high feed rates. That is why gantry machining centres, where a work piece, which can weigh up to several tons, is clamped on the fixed table, are more widely used for these operations in the last decade. All working movements are then made by the machine headstock which has a constant weight and so it is possible to use high feed rates. These machines use HSV methods to remove large amounts of material by milling. So the same requirements as for HSV apply to the clamping of tools and an additional requirement is the transmission of high torques.
RESEARCH INTO THE HEATING GRADIENT OF A CLAMP BODY
Laboratories of the Department of Machining and Assembly of VŠB-TUO, Ostrava, conducted research into the heating gradient of a heater body depending on the heating time and material depth. A WNDI induction heating device with a maximum input power of 11 kW, manufactured by KTP, was selected to carry out the experiment. The heated collet was of a HSK 63/32 type, manufactured by Kennametal.
Measurements themselves of surface temperatures were made az VSB-TUO. Type K thermocouples were spot welded using a capacitor welding machine to selected points on the mentioned collet. The thermocouples were spot welded before making measurements themselves in a laboratory of the VŠB-TUO, Ostrava.
To make it possible to weld individual thermometers to the inner surface of the collet, a part of the clamping device was cut off. And after the thermometers were welded, the cut off part was put back and attached with wire.
The location of each measuring point is shown in Fig.  2 . Measuring point T2 is on the inner surface of the collet and measuring points T5 and T6 are on the outer surface. Holes were drilled into the inner surface and the thermometers were welded to in the holes. Measuring point T1 (at a distance of 1 mm from the outer surface), T3 (at a distance of 2 mm from the outer surface), and T4 (at a distance of3 mm from the outer surface).
Two tests were carried out. The course of individual tests was the same. During each test, the collet was placed into the heating device and temperature sensing was started approx. 5 sec before the start of heating. The total time of each measurement was approx. 45 sec. When heating was switched on, the heating time during individual tests was as follows:
Test no. 1 20 sec. Test no. 2 25sec
Figure 6 Locations of the measuring points
The graphs show that if the heating time is longer, the temperature rise gradient decreases moderately throughout the clamp wall cross section. However, the absolute temperature difference between the outer surface and the inner surface remains the same. This confirms the proposition that different expansion coefficients of the tool and the clamp are desirable for trouble-free clamping. This condition is met by compact tools made of sintered carbides. For tools made of highspeed steels, it is desirable to use as high heating output as possible for the maximum possible increase in the clamp temperature gradient and the necessity of heating the clamp along the full clamping part. Otherwise, it may be difficult to remove HSS tools out of the clamp. 
CONCLUSIONS
The optimization of a cutting process is to set such working conditions of the machine-tool-work piece system that achieve the maximum utilization of all the involved components.
The maximum utilization of the potential of modern tools can be achieved by selecting suitable tool clamps.
These conditions are often contradictory and in such case it is necessary to look for the best compromise to use the synergy of all elements of the process. In many the heating time the heating time cases it turns out after a lapse of time that a matter which was initially marginal is very important for the optimum functioning of the entire system. And on the contrary, it is very important to return with new technical knowledge to already established production after a few years and look for possibilities of optimising it again.
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